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ABSTRACT 


Accepting  the  Mitchell,  Sproule,  and  Chapman  Treadmill  test 
as  the  criterion  measure  of  maximal  oxygen  uptake,  the  study  was 
designed  to  investigate  the  interrelationships  of  MVO2  values  deter¬ 
mined  from  the  modified  Astrand  Bicycle  Ergometer  technique,  and 
physical  work  capacity  170  values  determined  from  submaximal  efforts 
on  the  modified  Sjostrand  work  capacity  test  and  a  simulated  Progressive 
Step  test. 

The  experimental  group  consisted  of  twenty-four  male  and  twenty- 
four  female  subjects  randomly  selected  from  the  enrollment  of  first- 
year  undergraduate  students  in  the  Faculty  of  Physical  Education, 
University  of  Alberta.  Each  subject  completed  two  Mitchell,  Sproule, 
and  Chapman  Treadmill  MVo^  tests,  an  Astrand  Bicycle  Ergometer  MVo^ 
test,  two  modified  Sjostrand  PWC^q  tests,  two  Progressive  Step  tests, 
and  an  estimate  of  body  density. 

Results  indicated  significant  differences  at  the  0.05  level 
of  significance  between  the  criterion  test  and  Astrand  MVo^  correlations 
and  the  correlations  of  the  criterion  test  and  the  Progressive  Step  test 
for  males  and  females.  Significant  differences  at  the  0.05  level  of 
significance  were  found  between  the  interrelationships  of  the  criterion 
MVO2  measures  and  the  Sjostrand  v/ork  capacity  measures  for  the  females. 
No  significant  differences  at  the  0.05  level  of  significance  were  found 
between  the  interrelationships  of  the  criterion  MV©2  measures  and  the 
mean  values  of  the  Sjostrand  work  capacity  tests  for  male  subjects. 
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CHAPTER  I 


STATEMENT  OF  THE  PROBLEM 


Introduction 

Exercise  physiologists  generally  agree  that  maximal  oxygen  uptake 
is  probably  the  best  measure  of  a  person's  physical  fitness,  where  the 
definition  of  'physical  fitness'  is  restricted  to  the  capacity  of  the 
individual  for  prolonged  heavy  work  (4,  22).  The  measure  of  maximal 
capacity  by  the  cardiovascular-respiratory  system  to  take  up,  transport, 
and  give  off  oxygen  to  the  working  tissue  for  use  is  a  general,  though 
accepted  meaning  of  maximal  oxygen  consumption  or  aerobic  capacity  (22, 
23,  28,  34,  46).  It  is  often  stated  that  the  best  measurement  of  the 
maximal  function  of  the  cardiovascular-respiratory  system  is  indicated 
by  maximal  oxygen  consumption. 

In  the  same  respect,  consideration  must  be  given  to  such  frequently 
used  terms  as  work  capacity,  physical  condition,  and  physical  fitness. 
Work  capacity  and  maximal  oxygen  uptake  are  often  used  synonymously  in 
the  literature.  Although  similar  to  some  extent,  they  are  not  synonyms. 

Astrand  and  Ryhming  (4)  have  devised  a  nomogram  for  the  prediction 
of  aerobic  work  capacity  from  submaximal  work.  Although  they  and  others 
emphasize  this  method  as  a  'rough'  prediction,  it  does  reveal  the 
existing  difference  between  work  capacity  and  maximal  oxygen  consumption. 

Astrand  and  Rhyming  (4),  Wahlund  (46),  Cumming  and  Danzinger  (15) 
have  all  attempted  to  link  pulse  rates  and_ maximal  oxygen  consumption. 
Cumming  and  Danzinger  (15)  reported  a  mean  oxygen  consumption  at  a  pulse 
rate  of  170  beats  per  minute  which  was  73  percent  of  maximal  oxygen 
consumption.  Wahlund 's  (46)  value  for  the  same  measure  was  80  percent. 

Astrand  (5)  has  described  the  quantitative  and  qualitative  differences 

1 


' 

,  ■ 


2 


between  work  capacity  and  physical  condition  respectively.  Thus,  it 
becomes  apparent  that  the  meaning  of  physical  fitness,  physical  condition, 
work  capacity,  and  maximal  oxygen  consumption  are  different. 

Measurement  of  maximal  oxygen  consumption  and  work  capacity  generally 
employ  the  use  of  two  general  types  of  tests:  (1)  maximal  tests,  and 
(2)  submaximal  tests.  The  equipment  generally  used  in  testing  includes 
the  treadmill  and/or  the  bicycle  ergometer.  Astrand  (5)  has  devised 
a  maximal  oxygen  uptake  test  which  uses  the  bicycle  ergometer. 

Mitchell  et  al  (28)  using  the  treadmill  have  developed  a  popular  test 
for  determining  maximal  oxygen  consumption.  A  widely  accepted  work 
capacity  test  on  the  bicycle  ergometer  has  been  described  by  Sjostrand 
(40).  As  well,  certain  work  capacity  tests  using  various  stepping  methods 
have  appeared  in  recent  literature.  These  include  only  a  few  of  many 
tests  purporting  to  measure  work  capacity  and  maximal  oxygen  consumption 
(MVo2). 

The  response  induced  in  the  subject  generally  classifies  the  exercise 
test  as  submaximal  or  maximal.  The  essential  difference  between  the  two 
tests  is  whether  the  subject  is  able  to  complete  the  task  or  is  forced  to  stop 
exercising  due  to  exhaustion.  The  intensity  of  a  submaximal  exercise 
cannot  exceed  the  capacities  of  the  poorest  subject.  However,  a  maximal 
test  must  bring  all  subjects  within  a  comparable  degree  of  exhaustion. 
Therefore,  a  test  may  be  made  a  submaximal  or  maximal  test  by  proper 
selection  of  the  intensity  necessary  in  relation  to  the  physical  capcity 
of  the  subject. 

Two  maximal  oxygen  uptake  procedures  and  two  submaximal  work  capacity 
tests  have  been  chosen  for  this  study.  The  two  maximal  tests  chosen  were 
the  Mitchell,  Sproule,  and  Chapman  Treadmill  Test  (28),  and  the  Astrand 
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Bicycle  Ergometer  Test  as  modified  by  Wahlund  (46).  The  work  capacity 
tests  include  the  Sjostrand  Physical  Work  Capacity  170  Test  (40),  and 
a  Progressive  Step  Test. 

As  yet,  no  single  submaximal  work  capacity  test  has  been  generally 
acknowledged  as  acceptable  a  measure  of  physical  fitness  to  the  same  degree 
as  a  maximal  oxygen  uptake  test.  This  study  shall  investigate  the 
associations  among  the  selected  maximal  and  submaximal  tests  in  the  light 
that  the  more  easily  and  often  more  convenient  submaximal  tests  may  prove 
as  beneficial  and  accurate  in  assessing  physical  fitness  as  the  maximal 
tests.  Maximal  oxygen  consumption  as  determined  from  the  Mitchell, 

Sproule,  and  Chapman  technique  was  accepted  as  the  criterion  measure  of 
fitness  for  the  purposes  of  this  study.  Certain  correlation  values 
between  maximal  and  submaximal  tests  have  been  cited  by  Hettinger  et 
al  (22),  Glassford  et  al  (21),  Wahlund  (46),  and  Cumming  et  al  (15). 

Indeed,  "quantitative  assessment  of  physical  fitness  is  one  of  the  most 
complex  and  controversial  problems  in  applied  physiology"  (25:535). 

Prob lem 

It  was  the  purpose  of  this  study  to  investigate  the  interrelationship 
between  maximal  oxygen  uptake  values,  determined  from  the  Mitchell, 

Sproule,  and  Chapman  and  Modified  Astrand  techniques,  and  the  work 
capacity  values  as  determined  from  submaximal  efforts  on  the  Sjostrand 
and  Progressive  Step  tests. 

Subsidiary  Problems 

In  addition,  the  study  also  investigated: 

1.  The  reliability  between  repeated  trials  on  the  Mitchell,  Sproule, 
and  Chapman  test,  the  Sjostrand  Bicycle  Ergometer  test,  and  the  Progressive 
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Step  test. 

2.  The  interrelationships  of  the  maximal  and  submaximal  tests  when 
the  mean  of  the  two  submaximal  trials  was  correlated  with  the  criterion  test. 

Hypotheses 

The  following  null  hypotheses  wete  tested  for  significance  at  the 
0.05  level  of  significance. 

1.  There  were  no  significant  differences  between  the  correlation  of  the 
criterion  maximal  test  and  another  maximal  test,  and  the  correlation  of 
the  criterion  maximal  test  and  a  submaximal  work  capacity  test. 

2.  On  the  basis  that  the  above  hypothesis  was  not  accepted,  the  sub¬ 
sidiary  hypothesis,  stated  that  there  were  no  significant  differences 
between  the  correlation  of  the  two  maximal  tests  and  the  correlation  of 
the  criterion  maximal  test  and  the  mean  of  two  submaximal  work  capacity 
trials . 

Justification  for  the  Study 

Physicians  and  physical  educators  are  often  concerned  with  the 
physical  fitness  of  large  populations.  Although  maximal  oxygen  consumption 
is  most  accurately  assessed  in  the  laboratory,  it  is  often  too  expensive 
and  inconvenient  to  accommodate  a  large  field  study.  High  interrelation¬ 
ships  between  maximal  and  submaximal  tests  would  indicate  that  the  latter 
tests  could  accurately  predict  maximal  oxygen  uptake. 

Limitations 

The  temperature  and  humidity  within  the  laboratory  were  not  precisely 
controlled.  The  temperature  varied  within  a  +  4  degree  range  of  72 
degrees  Fahrenheit. 
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Delimitations 

The  sample  of  subjects,  consisting  of  24  males  and  24  females 
was  chosen  randomly  from  a  class  of  first-year  University  of  Alberta 
Physical  Education  and  Recreation  undergraduates. 

Definition  of  Terms 

1.  Maximal  oxygen  consumption  (MVo^)  is  defined  in  terms  of  the  linear 
relationship  between  progressively  increasing  work  loads  and  oxygen 
consumption,  until  maximal  oxygen  intake  per  unit  time  remains  constant, 
falls,  or  only  slightly  increases,  even  though  work  load  may  increase. 

The  criterion  values  for  the  maximal  tests  are:  (1)  +  54  milliliters  of 
oxygen  for  the  Mitchell,  Sproule,  and  Chapman  test  (28),  and  (2)  +  80 
milliliters  of  oxygen  for  the  modified  Astrand  test  (4). 

2.  Physical  work  capacity  170  (PWC17Q)  is  defined  as  the  intensity 
in  kilopond  meters  per  minute  or  kilogram  meters  per  minute  which  the 
subject  could  perform  at  a  pulse  rate  of  170  beats  per  minute  (7). 

The  Sjostrand  physical  work  capacity  principle  is  based  on  the  linear 
relationship  that  exists  between  steady  state  pulse  frequencies  and  the 
work  loads  producing  these  pulse  frequencies.  Plotting  this  approximate 
linear  relationship,  the  value  of  PWC170  is  determined  by  intrapolation 
or  extrapolation. 

3o  Steady  state  heart  rate  is  the  heart  rate  between  two  successive 
readings,  taken  at  one  minute  intervals,  which  does  not  differ  by  more 
than  +  five  beats. 

4.  A  maximal  test  surpasses  the  aerobic  energy  stores  of  the  metabolic 
system  of  the  body  and  causes  performance  to  continue  only  by  anaerobic 
metabolism,  which  is  an  indication  of  maximal  oxygen  consumption. 

5.  A  submaxima  1  test  does  not  surpass  the  aerobic  limits  of  the  body 
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nor  purposely  elicit  a  heart  rate  exceeding  180  beats  per  minute. 

6.  Work  load  is  the  calibrated  force  of  a  friction  belt  which  must  be 
overcome  by  a  subject  while  cycling  at  a  prescribed  rate,  or  is  the  work 
done  in  lifting  body  weight  a  certain  height  at  a  prescribed  stepping 
rate.  The  work  done  is  a  product  of  the  cycling  rate,  the  distance  cycled 
as  determined  by  the  wheel  circumference,  and  the  belt  resistance,  or 

is  the  product  of  the  vertical  stepping  height,  body  weight,  and  the 
frequency  of  stepping  per  minute.  An  adjustment  in  the  percent  grade 
or  inclination  of  the  running  board  determines  the  work  load  on  the 
treadmill. 

7.  Kilopond  meter  (kpm)  is  the  force  developed  by  a  kilogram  mass  under 
the  influence  of  normal  acceleration  for  one  meter. 

8.  Kilogram  meter  (kgm)  is  the  force  required  to  raise  a  kilogram  mass 
through  a  height  of  one  meter. 
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CHAPTER  II 


REVIEW  OF  THE  LITERATURE 

Tests  Under  Study 

Although  many  tests  of  maximal  oxygen  consumption  and  work  capacity 
have  been  devised  and  are  available,  this  study  has  been  limited  to  the 
investigation  of  two  maximal  tests  and  two  submaximal  tests.  The  maximal 
oxygen  consumption  measures  will  be  determined  by  the  Mitchell,  Sproule, 
and  Chapman  Treadmill  test  and  the  modified  Astrand  Bicycle  Ergometer  test. 
The  submaximal  work  capacity  values  will  be  determined  by  the  Sjostrand 
Physical  Work  Capacity  170  test  and  a  Progressive  Step  test.  Several 
methods  for  assessing  the  maximal  oxygen  consumption  of  individuals  have 
been  cited  in  the  literature  (5,  9,  28,  43).  Numerous  methods  of  assessing 
work  capacity  are  also  available  (6,  31,  29,  44,  46).  In  general,  these 
tests  use  the  treadmill  (5,  28,  43)  or  the  bicycle  ergometer  (6,  16,  40). 
Recent  literature  has  reported  the  development  of  several  gradational  or 
progressive  step  tests  (30,  31,  36,  41).  Several  researchers  feel  that  a 
well-designed  stepping  procedure  may  be  as  useful  in  determining  cardio¬ 
vascular-respiratory  efficiency  as  is  the  maximal  oxygen  consumption  method 

Many  physiologists  consider  maximal  oxygen  uptake  as  the  best  single 
measure  of  an  individual's  capacity  to  perform  prolonged  physical  work. 

This  capacity  appears  limited  by  the  ability  of  the  cardiopulmonary  system 
to  take  up,  transport,  and  give  off  oxygen  to  body  tissue.  However,  the 
time  and  elaborate  equipment  necessary  to  make  this  evaluation  tend  to  be 
disadvantages  when  testing  very  large  samples  as  is  necessary  for  normative 
s  tudies . 

In  view  of  the  above,  several  submaximal  procedures  for  indirectly 
assessing  cardiovascular-respiratory  function  were  devised.  The  lower  cost 
of  equipment  and  ease  in  administration  are  assets  in  submaximal  testing. 
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Another  important  aspect  tends  to  be  the  submaximal  effort  required  of  the 
subject  which  makes  testing  of  small  children  and  elderly  people  possible. 
Therefore,  an  interest  has  been  developed  in  assessing  the  results  of  work 
capacity  measures  with  direct  measures  of  maximal  oxygen  consumption  with 
the  view  that  submaximal  testing  will  give  a  valid  indication  of  an 
individual  s  cardiovascular-respiratory  capacity  to  perform  prolonged 
physical  activity. 


Studies  Relating  Submaximal  Testing  and  MVo^ 

Several  studies  have  been  designed  to  compare  certain  submaximal 
tests  predicting  maximal  oxygen  consumption  with  maximal  uptake  tests. 

As  well,  certain  studies  have  attempted  to  link  maximal  oxygen  consumption 
with  heart  rate  or  the  respiratory  quotient  which  is  based  on  submaximal 
work.  However,  few  studies  have  attempted  direct  correlations  between 
maximal  oxygen  consumption  and  physical  work  capacity  values. 

Glassford  et  al  (21)  have  compared  maximal  oxygen  uptake  values 
determined  by  predicted  or  indirect  methods  and  by  direct  methods. 
Correlations  were  calculated  among  three  direct  tests,  the  (a)  Mitchell, 
Sproule,  and  Chapman  test,  (b)  Taylor,  Buskirk,  and  Henschel  Treadmill  test, 

(c)  Modified  Astrand  Bicycle  Ergometer  test,  and  an  indirect  test,  the 

(d)  As trand-Ryhming  Nomogram  Bicycle  Ergometer  test.  All  four  tests  differed 
significantly  from  zero  at  the  0.01  level  of  significance.  When  expressed 
from  values  in  liters  per  minute  and  milliliters  per  kilogram  per  minute, 
there  were  no  significant  differences  among  any  of  the  correlations.  The 


mean  oxygen  uptake  values  in  liters  per  minute  agreed  with  findings  of 
Buskirk  and  Taylor  (12),  Mitchell  et  al  (28),  and  Astrand  (5).  The 
results  of  the  intercorrelations  of  all  four  tests  gave  further  insight 
into  the  value  of  the  As trand-Ryhming  nomogram  (4)  as  an  accurate  predictor 
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of  maximal  oxygen  uptake.  Glassford  et  al  (21)  found  significantly  higher 
mean  values  of  maximal  oxygen  uptake  when  using  the  As trand-Ryhming 
nomogram  prediction  as  compared  to  finding  the  values  directly  from  the 
modified  Astrand  maximal  test.  Hettinger  (22)  reported  the  same  results. 
Performance  on  the  bicycle  ergometer  is  limited  mainly  by  localized  exhau¬ 
stion  of  the  quadi iceps  muscles  rather  than  be  general  circulatory  exhau¬ 
stion  as  caused  by  treadmill  running.  As trand-Ryhming ' s  nomogram  is  also 
based  on  the  performance  of  well-trained  athletes.  The  greater  variance 
in  the  values  of  the  nomogram  prediction  as  reported  by  Glassford  et  al  (21) 
suggests  that  further  investigation  into  these  differences  is  necessary 
before  the  nomogram  can  be  used  extensively  in  predicting  maximal  oxygen 
consumption. 

Astrand  and  Saltin  (7)  have  reported  very  little  difference  in 
determining  maximal  oxygen  uptake  from  a  variety  of  activities,  however, 
their  selection  of  subjects  was  very  limited.  The  same  may  be  said  of 
similar  studies  by  Binkhorst  et  al  (9),  Newton  (33),  and  Wyndham  et  al  (48). 

Hettinger  et  al  (22)  proposed  to  make  direct  comparisons  between 
maximal  oxygen  consumption  and  several  selected  fitness  tests  given  to  a 
sample  of  ninety-six  male  subjects.  They  reported  significant  correlations 
between  maximal  oxygen  consumption  and  the  following  tests:  (a)  Harvard 
Step  test,  probability  less  than  0.001,  (b)  Master  Step  test,  probability 
less  than  0.05,  and  (c)  Amplituden-puls -Frequenz  test,  probability  less 
than  0o  02.  Using  the  As trand-Ryhming  nomogram,  they  reported  a  significant 
correlation  at  the  0.01  level  of  significance  between  actual  and  predicted 
maximal  oxygen  uptake  values.  However,  the  exact  correlations  were  not 
stated.  As  well,  a  significant  correlation  was  reported  between  the 
Harvard  Step  test  and  a  Modified  Step  test  which  was  adjusted  for  the 
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body  weight  and  leg  length  of  the  subject.  As  a  result,  Hettinger  supported 
use  of  the  Harvard  Step  test  as  a  simple  method  of  assessing  physical  work 
capacity.  Higher  predicted  maximal  oxygen  uptake  values  as  opposed  to 
actual  maximal  measures  were  explained  as  a  result  of  As trand-Ryhming ' s 
nomogram  having  been  based  on  scores  of  exceptionally  well- trained  subjects. 

Shephard  et  al  (39),  selecting  oxygen  uptake  as  the  reference  standard 
of  car d 10-vascular -r esp ir a tory  fitness,  reported  values  determined  by  three 
modes  of  exercise.  Repeated  testing  of  24  subjects  revealed  that  uphill 
treadmill  running  gave  a  maximum  oxygen  uptake  value  which  was  3,4  percent 
higher  than  that  found  during  stepping,  and  6.6  percent  higher  than  that 
found  during  cycling.  These  results  conformed  with  those  of  Wyndham  et 
al  (48),  Glassford  et  al  (21),  and  Astrand  and  Saltin  (7).  Shephard  also 
supported  the  widespread  view  that  the  directly  measured  maximal  oxygen 
uptake  value  should  be  accepted  as  the  absolute  criterion  against  which 
other  procedures  are  to  be  judged. 

Taylor  et  al  (44)  gave  an  excellent  review  of  factors  influencing  and 
affecting  the  administration  and  results  of  maximal  and  submaximal  tests. 

Their  review  was  well  supported  by  a  host  of  related  studies  (5,  17,  28, 

40,  43,  44).  A  recent  study  by  Glassford  (20)  has  also  reported  that  maximal 
Oxygen  uptake  of  a  subject,  when  performing  maximally,  is  relative  to  a 
special  given  set  of  circumstances.  As  supported  by  others,  factors  which 
influence  oxygen  uptake  include,  age,  sex,  body  size,  environmental  temperature, 
training,  functional  capacities  of  the  circulatory  and  respiratory  systems, 
ingestion  of  food,  fatigue,  and  emotion. 

Step  Tests  Relating  to  Work  Capacity  and  MVo^, 

As  reported  by  Chrastek  et  al  (13),  Keen  and  Sloan  (27)  showed  that 
the  fitness  index  results  of  a  step  test  are  not  related  to  the  height, 
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length  of  lower  extremities,  or  to  various  other  anthropometric  indices. 
These  findings  are  supported  by  studies  of  Cullumbine  (14),  and  Fletcher 
(19). 

A  study  by  de  Vries  and  Klafs  (16)  used  six  submaximal  tests  and 
evaluated  these  measures  against  an  actual  maximal  oxygen  uptake  value 
for  each  subject.  The  results  showed  no  significant  correlation  between 
scores  of  a  modified  Sjostrand  stepping  procedure  and  scores  of  MVo^ 
when  absolute  values  were  used.  However,  when  the  MVo^  values  were 
normalized  for  weight,  the  correlation  with  the  Sjostrand  scores  appeared 
significant  with  a  correlation  of  .877.  As  well,  the  Harvard  Step  test 
and  Progressive  Pulse  Ratio  test  showed  correlations  of  .766  and  .711 
respectively.  The  modified  Sjostrand  stepping  procedure  used  the  step 
rate  change  method  of  determining  different  work  loads.  These  tests 
had  16  male  physical  education  majors  as  their  sample. 

Although  not  correlating  MVo^  and  work  capacity  results,  Shephard 
(38)  has  devised  a  stepping  method  which  involves  'steady  state'  pulse 
rates  at  four  graded  intensities  of  effort.  However,  as  with  de  Vries 
et  al  (16),  the  height  remains  constant  as  the  rate  of  stepping  changes 
from  10,  15,  20,  to  finally  25  ascents  per  minute.  The  work  done  in 
stepping  is  recorded  in  kilogram  meters  per  minute  per  kilogram  body 
weight  of  the  subject. 

Andersen  (1)  in  an  outline  of  "Measurements  of  Work  Capacity"  points 
out  that  in  determining  MVo^  the  order  of  preference  in  testing  procedures 
should  be  initially  the  treadmill,  and  secondly,  the  bicycle  ergometer. 
Although  convenient  for  submaximal  types  of  exercise,  the  step  test  is 
not  suitable  for  the  determination  of  MVo  .  Andersen  also  reported  that 
the  direct  determination  of  MVo2  is  of  the  order  three  to  five  percent 
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greater  than  using  the  indirect  method.  This  is  supported  by  Rovelli 
and  Aghemo  (36)  as  well. 

hasch  (26),  in  opposition  to  Andersen,  found  a  .95  correlation  between 
a  treadmill  method  and  step  method  of  determining  MVo^  for  twelve  subjects. 
This  particular  step  test  was  based  on  stepping  rate  change  while  the  stepping 
height  was  kept  constant. 

Wyndham  et  al  (49)  reported  relationships  between  oxygen  uptake  and 
work  rates  among  ethnic  groups  which  were  tested  on  a  one-foot  bench. 

Fitted  into  a  regression  analysis,  no  significant  differences  were  found 
between  any  of  the  three  groups  when  the  two  variables  were  compared. 

Again  the  stepping  rate  changed  while  the  height  was  kept  constant. 

Wyndham  et  al  (47)  obtained  MVo^  values  from  an  intermittent  treadmill 
test,  a  bicycle  ergometer  test,  and  a  ’rate  change'  step  test.  Maximal 
oxygen  uptake  values  determined  on  the  maximal  bicycle  ergometer  test  were 
significantly  lower  than  values  obtained  on  the  intermittent  treadmill 
method.  Wyndham  concluded  that  using  the  bicycle  ergometer  technique  in 
a  population  unaccustomed  to  cycling  was  an  inaccurate  method  of  assessing 
MVo^.  However,  the  step  test  and  intermittent  treadmill  MVo^  values 
showed  a  .95  probability  that  step  test  results  would  fall  within  a  range  of 
+  0.95  liters  of  oxygen  per  minute  of  the  treadmill  values. 

Nagle  et  al  (30)  have  devised  a  gradational  step  test  to  assess  work 
capacity  of  subjects.  It  was  postulated  that  the  final  treadmill  performance 
might  be  predicted  from  an  extrapolation  of  the  heart  rates  measured  at 
the  various  stepping  levels  of  the  apparatus.  From  the  gradational  step 
test,  which  allowed  a  rate  and  height  increase  in  performance,  it  was 
possible  to  measure  energy  expenditure  as  well  as  maximal  oxygen  consumption. 
Of  the  several  methods  investigated  with  the  stepping  techniques,  one 
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of  the  procedures  revealed  a  correlation  of  .95  between  treadmill  and 


stepping  performances. 


CHAPTER  III 


METHODS  AND  PROCEDURES 

Sub  jects 

The  sample  of  48  subjects  was  randomly  chosen  from  a  class  of  first- 
year  University  of  Alberta  Physical  Education  and  Recreation  undergraduates. 
The  sample  consisted  of  24  males  and  24  females. 

The  tests  completed  by  each  subject  were:  (1)  two  trials  of  the 
Mitchell,  Sproule,  and  Chapman  Treadmill  test,  (2)  the  modified  Astrand 
Bicycle  Ergometer  test,  (3)  two  trials  of  the  Sjostrand  Physical  Work 
Capacity  170  test,  and  (4)  two  trials  of  the  Progressive  Step  test.  For 
each  subject  the  criterion  Mitchell,  Sproule,  and  Chapman  test  was  admini¬ 
stered  first  and  the  remaining  tests  followed  according  to  one  of  24  possible 
permutations  with  each  subject  selecting  a  permutation  at  random.  Testing 
for  each  subject  was  competed  within  three  weeks  with  a  minimum  of  two 
days  between  successive  tests.  Body  density  was  estimated  at  the  termination 
of  the  work  capacity  testing  period. 

Standardization  of  Subject  Procedures 

Certain  conditions  were  to  be  met  by  the  subjects  prior  to  testing. 
Initially  each  subject  was  orientated  to  the  apparatus  and  procedure  of 
each  test.  Subjects  were  to  refrain  from  eating,  smoking,  and  any 
strenuous  exercise  one-and-one  half  hours  prior  to  each  test.  In  addition, 
a  similar  time  was  arranged  for  each  testing  session. 

Adminis  trators 

Testers  were  thoroughly  experienced  with  all  phases  of  testing 

techniques,  administration,  and  analysis. 
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Heart-Rate  Recordings 

The  Sanborn  VISO  100  Electrocardiogram  was  used  to  record  heart 
rates.  The  disc  electrodes  were  filled  with  Redux  to  ensure  better 
conductivity. 

Laboratory  Conditions 

The  research  laboratory  at  the  University  of  Alberta,  Faculty  of 
Physical  Education  complex,  was  maintained  at  a  temperature  of  72  +  4 
degrees  Fahrenheit. 

Gas  Collection  and  Analysis 

Expired  air  was  directed  from  the  subject  through  a  four  flap 
triple-J  valve  and  collected  in  150-liter  or  200-liter  Douglas  bags  for 
analysis.  The  mouthpiece  of  the  valve  and  connecting  tubes  were  supported 
by  a  lightweight  adjustable  head-gear  apparatus. 

The  Beckman  model  E-2  oxygen  analyzer  and  Godhart  Capnograph  infra¬ 
red  carbon  dioxide  analyzer  were  used  to  measure  the  percentages  of  the 
respective  gases  in  each  sample.  The  volume  of  expired  air  was  measured 
by  an  American  Meter  Company  Gasometer. 

Calibration  of  the  Ins truments 

The  oxygen  and  carbon  dioxide  analyzers  were  carefully  and  regularly 
calibrated  each  day  prior  to  and  during  testing.  The  calibration  was 
done  with  gas  samples  of  known  nitrogen  and  carbon  dioxide  contents.  A 
regression  equation  was  determined  for  correcting  the  volume  of  expired 
air  as  measured  the  volume  meter. 

Estimation  of  Body  Density  and  Body  Fat 

Basically  derived  from  Archimedes  principle  of  buoyancy,  the  hydro- 
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static  method  of  estimating  body  density  was  completed  for  each  subject. 

The  values  of  fat  free  body  weight  for  each  subject  were  obtained  from  an 
associated  study  by  Neill  (32). 

A  large  galvanized  steel  plate  tank,  72  inches  in  height  and  48 
inches  in  diameter,  was  used  for  the  underwater  weighing.  During  the 
weighing,  the  subject  supported  a  17.5  pound  underwater  weight  on  his  lap 
while  seated  in  an  aluminum  chair  and  submerged  in  the  tank.  The  chair 
was  suspended  from  the  ceiling  and  attached  to  a  voltage  regulated  load 
cell  which  provided  an  electrical  signal  to  be  amplified  on  an  adjoining 
Sargent  recorder. 

Procedure 

1.  The  Sargent  recorder  was  calibrated  to  give  a  reading  of  zero 
for  the  weight  of  the  chair  and  supporting  cable  underwater. 

2.  Dressed  in  a  nylon  swim  suit,  the  subject  was  weighed  on  land. 

3.  With  the  subject  seated  submerged  to  his  neck  in  the  tank  and 
supporting  the  weight,  vital  capacity  was  measured  using  a  Collin's 
spirometer . 

4.  Air  bubbles  were  brushed  from  the  subject's  body. 

5.  After  maximum  inspiration,  the  subject  lowered  his  head  approximately 
12  inches  into  the  tank,  brushed  air  bubbles  from  his  hair,  and  remained 

in  a  relaxed  motionless  state  until  signalled  to  emerge. 

6.  This  procedure  is  repeated  three  times  and  the  lowest  reading 
from  the  Sargent  recorder  is  used  in  the  calculation  of  body  density. 

7.  The  water  temperature,  room  temperature,  and  barometric  pressure 


were  recorded. 
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Formulae 

Corrected  for  residual  volume,  vital  capacity,  and  gastro-intestinal 
gas  volume,  the  formula  used  for  calculating  body  density  was : 


Ma  ”  Mw  “  °*0362(TVG) 

where  is  the  density  of  the  body 

M^  is  the  weight  of  the  body  in  air 

is  the  apparent  weight  of  the  body  in  water 

D  is  the  relative  density  of  the  water 
w 

TVG  is  the  total  volume  of  gas  in  the  body 
and  0.0362  is  the  weight  supported  by  one  cubic  inch 
of  air  at  BTPS. 

The  formula  described  by  Brozek  et  al  (11)  was  used  for  the  calculation 
of  body  fat.  Body  density  values  calculated  from  above  were  substituted 
into  the  formula: 


F,  =  4.570 
b 


4. 142 


where  is  total  body  fat  expressed  as  a  fraction  of  unity 
and  is  the  density  of  the  body. 


Mitchell,  Sproule,  and  Chapman  Treadmill  Test 

Only  slight  alterations  to  reduce  the  length  of  testing  time  were 
made  regarding  the  procedure  of  this  test  originally  designed  by  Mitchell, 
Sproule,  and  Chapman  (28). 

Prior  to  each  two-and-one-half -minute  run,  the  subject  was  connected 
to  an  adjustable  open-close  Douglas  bag  circuit  by  means  of  a  four  flap 
triple-J  valve  and  mouthpiece.  During  the  last  minute  of  the  prescribed 
run  at  six  miles  an  hour,  the  expired  gas  sample  was  collected.  Analysis 
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of  the  gas  occurred  during  the  ten  minute  recovery  period  following  each 
run.  The  males  began  at  a  7.5  percent  grade,  and  the  females  began  at 
a  zero  percent  grade.  The  grade  was  increased  2.5  percent  for  both  sexes 
for  each  successive  run. 

The  procedure  was  as  follows: 

1.  The  subject  performed  a  ten  minute  warm-up  at  three  miles  per 
hour  at  a  ten  percent  grade. 

2.  A  ten  minute  rest  followed. 

3.  The  subject  ran  at  six  miles  per  hour  for  two-and-one-half  minutes. 
Expired  air  was  collected  during  the  last  minute  of  the  run. 

4.  A  ten  minute  rest  followed  during  which  the  expired  air  sample 
was  analyzed. 

5.  The  work  was  increased  by  raising  the  grade  of  the  treadmill 
by  2.5  percent  and  another  two-and-one-half  minute  run  at  six  miles  per 
hour  was  performed.  Expired  air  was  collected  during  the  last  minute  and 
analyzed  during  the  following  ten  minute  rest. 

6.  The  grade  of  the  treadmill  was  increased  2.5  percent  again  and 
another  run  was  attempted.  This  procedure  was  repeated  until  oxygen 
consumption  on  two  successive  runs  declined  or  increased  less  than  54 
milliliters  of  oxygen  as  described  by  Mitchell,  Sproule,  and  Chapman  (28). 

Modified  Astrand  Bicycle  Ergometer  Test 

The  actual  testing  procedure,  as  described  by  Astrand  (4,  5),  was 
performed  on  a  Monark  Bicycle  Ergometer  (45).  Minor  adjustments  were 
made  for  both  sexes  regarding  initial  work  loads  and  work  increments. 

The  seating  height  was  adjusted  until  the  knee  cap  of  the  subject  was 
directly  above  the  instep  of  the  foot  when  the  pedal  was  at  the  lowest 


. 


19 

point.  The  electrodes  from  the  VISO  100  Electrocardiogram  were  filled 
with  Redux.  In  each  case,  the  brake  belt  was  adjusted  from  a  resistance 
of  zero  to  the  required  resistance  as  soon  as  pedaling  began.  The  subject 
was  required  to  pedal  at  50  revolutions  per  minute  which  was  paced  and 
recorded  by  an  electric  metranome.  The  subject  worked  against  three 
progressively  increasing  work  loads  for  four-minute  trials.  While  the 
analysis  of  expired  air  taken  during  the  last  minute  of  each  trial  was 
completed,  the  subject  gained  a  five  minute  rest. 

Testing  proceeded  as  follows: 

1.  Each  male  subject  performed  a  four  minute  warm-up  ride  at  450 
kpm.  The  female  work  load  as  150  kpm  for  the  warm-up  bout. 

2.  A  five  minute  rest  followed. 

3.  The  males  performed  the  initial  test  ride  at  a  750  kpm  work  load 
The  females  work  load  was  450  kpm.  After  two  minutes  and  forty-five 
seconds  of  the  ride,  the  gas  collecting  apparatus  was  connected  to  the 
subject.  Expired  air  was  collected  during  the  last  minute  of  the  ride. 
Heart  rate  and  pedal  revolution  were  recorded  immediately  after  the 
exercise  bout. 

4.  During  the  five  minute  rest,  the  gas  sample  was  analyzed. 

5.  The  work  load  of  each  subsequent  exercise  trial  was  increased 
by  150  kpm  for  both  male  and  female  subjects. 

6.  This  procedure  was  repeated  until  the  maximal  oxygen  consumption 
on  two  successive  rides  declined  or  increased  less  than  80  milliliters  of 
oxygen,  as  described  by  Astrand  (4). 

In  the  case  of  both  the  Mitchell,  Sproule,  and  Chapman  test  and  the 
modified  Astrand  test,  if  the  subject  was  unable  to  complete  the  last 
work  load  attempted,  the  partial  Douglas  bag  was  corrected  appropriately 
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to  approximate  a  full  minute  collection  of  expired  air. 

Modified  Sjostrand  Physical  Work  Capacity  170  Test 

First  described  by  Sjostrand  (40),  this  test  has  been  altered  to 
accommodate  ease  of  administration  and  individual  differences  among 
subjects.  Ergometer  adjustments  and  electrocardiogram  arrangements  were 
similar  to  those  made  with  each  subject  for  the  Astrand  test.  However, 
the  pedal  frequency  for  this  test  was  60  complete  revolutions  per  minute. 

The  testing  procedure  was  as  follows: 

1.  The  subject  was  required  to  complete  a  12  minute  exercise  bout 
consisting  of  three,  four  minute  increasing  difficult  work  rates. 

2.  The  male  subjects  began  at  an  750  kpm  work  load  and  the  females 
began  at  a  450  kpm  work  load. 

3.  The  second  and  third  work  load  increments  were  adjusted  depending 
on  the  heart  rate  responses  at  the  third  and  seventh  minute  of  the  test. 

The  work  loads  were  adjusted  in  an  attempt  to  elicit  three  steady  states 
of  heart  rate  within  the  ranges  115-130,  135-155,  and  160-180  beats  per 
minute  for  each  subject. 

4.  The  heart  rates  were  plotted  against  work  loads  and  a  work  load 
necessary  to  produce  a  heart  rate  of  170  beats  per  minute  were  determined. 

The  subject’s  score  was  the  work  in  kilopond  meters  that  would  produce 
a  steady  heart  rate  of  170  beats  per  minute. 

Progressive  Step  Test 

The  Progressive  Step  test  was  designed  to  simulate  principles  and 
procedures  of  those  described  in  the  Sjostrand  technique. 

The  apparatus  consisted  of  three  progressive  step  heights  of  10,  25, 
and  40  centimeters  respectively.  Depending  on  the  subject  s  response, 
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two  sliding  shelves  of  five  centimeters  each  could  add  to  the  work  load. 

The  electrodes  of  the  electrocardiogram  were  attached  to  each  subject  as 
described  for  previous  tests.  Pre-exercise  heart  rate  was  less  than  100 
beats  per  minute  before  testing  proceeded. 

Testing  procedure  was  as  follows: 

1.  The  subject  was  required  to  complete  three  continuous  four  minute 
stepping  exercise  bouts  at  increasing  height  levels.  Stepping  rate  was 
maintained  at  28  steps  per  minute  and  was  guided  visually  and  audibly  by 
an  electric  metranome. 

2.  Male  subjects  began  at  a  stepping  height  of  25  centimeters  and 
females  began  at  a  height  of  15  centimeters. 

3.  Height  increments  at  the  completion  of  third  and  seventh  minutes 
were  adjusted  according  to  the  subject's  heart  rate  response  at  these 
respective  times.  The  heights  in  an  attempt  to  elicit  three  steady  states 
of  heart  rate  within  the  range  of  115-130,  135-155,  and  160-180  beats  per 
minute  for  each  subject. 

4.  The  fourth-minute  heart  rates  and  respective  work  loads  of  each 
level  were  plotted  and  the  work  load  for  a  heart  rate  of  170  beats  per 
minute  was  determined. 

The  subject's  score  was  the  work  in  kilogram  meters  that  would  produce 
a  steady  heart  rate  of  170  beats  per  minute. 

Statistical  Analysis 

Accepting  the  Mitchell,  Sproule,  and  Chapman  test  as  the  criterion 
measure  of  physical  fitness,  estimates  of  the  validity  of  the  Astrand, 
Sjostrand,  and  Progressive  Step  tests  were  investigated. 

Reliability  measures  were  examined  using  the  test-retest  method  for 


- 


22 


all  the  tests  except  the  Astrand  Bicycle  Ergometer  test  and  the  body 
densitometry  measure.  Reliability  and  validity  measures  were  determined 
using  the  Pearson  product-moment  correlation  as  outlined  by  Ferguson  (18). 

The  method  of  testing  the  significance  of  the  difference  between  two 
correlation  coefficients  for  correlated  samples  as  described  by  Ferguson 
(18)  was  also  used.  The  resulting  ’ t '  distribution  values  of  the  compared 
correlation  coefficients  were  all  examined  at  the  0.05  level  of  significance. 


CHAPTER  IV 


RESULTS  AND  DISCUSSION 

Characteristics  of  the  Subjects 

A  random  selection  of  twenty-four  male  and  twenty-four  female 
students,  enrolled  in  the  first-year  undergraduate  program  in  the  Faculty 
of  Physical  Education,  University  of  Alberta,  comprised  the  sample  of 
subjects  used  in  this  study.  Admission  to  the  first  year  University 
program  is  in  conjunction  with  a  successful  medical  examination.  Some 
of  the  characteristics  of  the  subjects  are  given  in  Table  4.1. 

Table  4.1 

Characteristics  of  the  Subjects 


Mean 

Standard 

Deviation 

Range 

Females 

Age  (yrs) 

18.67 

0.63 

17.92 

-  20.42 

Height  (ins) 

65.28 

2.10 

60.50 

-  68.50 

Weight  (kg) 

59.24 

5.87 

48.65 

-  68.27 

Fat  (%) 

23.43 

4.46 

18.30 

-  33.45 

Fat  Free  Wt  (kg) 

45.17 

5.38 

36.04 

-  59.31 

Males 

Age  (yrs) 

19.97 

1. 16 

18.33 

-  22.42 

Height  (ins) 

70.59 

2.39 

65.50 

-  75.00 

Weight  (kg) 

76. 10 

8.80 

59.42 

-  92.53 

Fat  (%) 

12.74 

4.32 

5.25 

-  21.76 

Fat  Free  Wt  (kg) 

66.15 

8.57 

49.29 

-  80.42 

Mean  Scores  of  Test  Results 

The  mean  of  each  test,  combined  or  overall  mean  when  the  test  was 
repeated,  and  the  respective  standard  deviations  are  presented  in  Table  4.2. 

Maximal  Oxygen  Uptake  Tests  MVo,-, 

Initially  assigned  the  criterion  Mitchell,  Sproule,  and  Chapman 
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Treadmill  test,  the  remaining  tests,  which  included  a  repeat  of  the  above 
test,  were  ass igned  in  random  order  to  each  subject.  The  mean  results  were 
reported  in  absolute  values  as  liters  of  oxygen  per  minute  (l./min), 
milliliters  per  kilogram  of  total  body  weight  per  minute  (ml/kg/min), 
and  finally  milliliters  per  kilogram  of  fat  free  body  weight  per  minute 
(ml/kg  ffr/min).  The  values  were  reported  for  both  male  and  female 
subjects . 

Although  each  subject  competed  only  one  trial  of  the  modified 
Astrand  Bicycle  Ergometer  test,  the  results  were  expressed  in  the  same 
units  as  stated  above. 

Both  sexes  demonstrated  higher  mean  maximal  oxygen  uptake  values  for 
the  Mitchell,  Sproule,  and  Chapman  test  as  opposed  to  the  modified  Astrand 
test.  Comparing  the  initial  maximal  oxygen  uptake  values  on  the  Mitchell, 
Sproule,  and  Chapman  test  to  those  obtained  on  the  Astrand  Bicycle  test, 
the  male  mean  values  were  3.90  and  3.52  l./min,  respectively.  These 
results  demonstrated  that  maximal  oxygen  uptake  values  as  determined  by 
the  treadmill  technique  were  approximately  10  percent  greater  for  males 
and  12.5  percent  greater  for  females  when  compared  to  the  values  determined 
by  the  bicycle  test.  It  is  interesting  to  note  that  this  difference  is 
in  accordance  with  the  findings  of  Glassford  et  al  (21),  who  found  a 
maximal  oxygen  uptake  of  3.752  l./min  on  the  Mitchell,  Sproule,  and  Chapman 
test  and  3.485  l./min  on  the  Astrand  test  for  a  group  of  male  subjects. 
Astrand  and  Saltin  (7)  also  reported  similar  differences  between  the 
maximal  oxygen  uptake  values  as  determined  for  several  adult  subjects  using 
the  treadmill  and  bicycle  ergometers.  The  values  obtained  were  4.69 
l./min  and  4.47  l./min,  respectively,  for  the  two  techniques.  This 
difference  between  MVo2  values  may  be  partly  attributable  to  the  difference 
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in  muscle  mass  and  posture  required  for  each  exercise.  Basically  the 
Mitchell,  Sproule,  and  Chapman  Treadmill  test  demands  an  overall  running 
effort,  whereas  the  Astrand  Bicycle  test  requires  a  more  localized  leg 
power  effort. 

Physical  Work  Capacity  170  Tests 

Each  subject  completed  two  trials  of  the  modified  Sjostrand  Physical 
Work  Capacity  170  Test.  The  subject's  score  was  interpreted  as  the  work 
in  kilopond  meters  (kpm)  that  he  would  be  able  to  produce  at  a  heart 
rate  of  170  beats  per  minute.  The  results  are  expressed  in  kilopond 
meters  per  minute  (kpm/min),  kilopond  meters  per  kilogram  of  body  weight 
per  minute  which  is  the  same  as  meters  per  minute  (kpm/kg/min  or  m/min), 
and  kilopond  meters  per  kilogram  of  fat  free  body  weight  per  minute  (kgm/ 
kg  ffr/min).  In  each  test-retest  situation  for  the  work  capacity  tests, 
the  repeated  trials  followed  each  other  within  a  minimum  period  of  twenty- 
four  hours. 

Each  subject  also  completed  two  trials  of  the  Progressive  Step  test. 

An  individual's  score  was  interpreted  as  the  work  in  kilogram  meters  that 
he  would  be  able  to  perform  at  a  heart  rate  of  170  beats  per  minute.  Table 
4.2  expresses  the  results  of  the  Progressive  Step  test  in  kilogram  meters 
per  minute  (kgm/min) ,  kilogram  meters  per  kilogram  of  body  weight  per 
minute  (kgm/kg/min  or  m/min),  and  kilogram  meters  per  kilogram  of  fat  free 
body  weight  per  minute  (kgrn/kg  ffr/min). 

The  mean  Physical  Work  Capacity  170  results  for  males  on  the  Sjostrand 
test  was  1345  kpm/min  and  769  kpm/min  for  the  females.  These  scores  are  - 
substantially  higher  than  the  comparative  step  test  means  of  870  kgm/min 
and  488  kgm/min  respectively.  As  Shephard  (38)  and  Nagle  et  al  (31)  have 
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illustrated,  up  to  one-third  of  the  work  can  occur  during  the  descent  in 
stepping  pi ocedures .  This  work  was  not  calculated  in  this  study,  therefore 
it  was  understandable  that  the  higher  scores  should  result  from  the 
Sjostrand  test. 

Cumming  (15)  presented  comparative  Physical  Work  Capacity  tables 
for  various  groups  of  men  and  women  in  the  18  to  40  years  of  age  range. 

The  mean  work  capacity  score  of  1345  kpm  for  the  physical  education  student 

males  in  this  study  appeared  higher  than  the  scores  reported  for  'average' 

men  in  Cumming' s  study.  Similarly,  the  mean  score  for  females  in  this 
study  was  superior  to  that  of  515  kpm  found  for  Winnipeg  nurses,  however, 
it  was  lower  than  840  and  835  kpm  reported  for  Stockholm  nurses  and  medical 
students,  respectively.  The  popularity  of  bicycle  riding  in  Sweden  as 
compared  to  Canada  may  explain  some  of  the  differences  in  the  observed 
scores.  The  Canadian  Association  for  Health,  Physical  Education,  and 
Recreation  Work  Capacity  Study  (24)  reported  PWC^q  values  of  873.8  + 

224.5  and  476.7  +  147.3  kpm  for  17  year  old  male  and  female  students 
randomly  selected  from  the  school  population  in  Canada.  The  work  capacity 

scores  of  the  Physical  Education  students  in  this  study,  who  are  generally 

one-and-one-half  years  older,  appear  substantially  greater  than  the  scores 
obtained  for  the  sample  of  17  year  old  students  of  the  general  school 
population. 

Reliability  of  the  Tests 

Test-retest  reliability  coefficients  of  the  tests  are  presented  in 
Table  4.3.  As  the  Astrand  test  was  not  repeated,  a  reliability  coefficient 
was  not  available.  The  retest  situations  for  the  modified  Sjostrand  and 
Progressive  Step  tests  were  completed  on  the  first  day  following  the 
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initial  test.  The  Mitchell,  Sproule,  and  Chapman  retest  situation  was 

allotted  randomly  in  the  seven-test  sequence  for  each  of  the  forty-eight 
subjects . 


Table  4.3 


Reliability 

of  the 

Tests 

Tes  t 

Male 

Female 

Mitchell,  Sproule, 

Chapman 

.88 

.83 

l./min 

Modified  Sjostrand 

.91 

.75 

kpm/ min 

Progressive  Step 

.83 

.82 

kgm/min 

Mitchell,  Sproule, 

Chapman 

.77 

.71 

ml/kg/min 

Modified  Sjostrand 

.87 

.70 

kpm/ kg /min 

Progressive  Step 

.74 

.86 

kgm/kg/ min 

Mitchell,  Sproule, 

Chapman 

.75 

.72 

ml/kg  ffr/min 

Modified  Sjostrand 

.57 

.66 

kpm/ kg  ffr/min 

Progressive  Step 

.46 

.72 

kgm/kg  ffr/min 

Table  4.3  lists  the  reliability  coefficients  in  three  separate 
categories.  The  coefficients  appear  highest  when  reported  in  absolute 
units  (l./min,  kpm/min,  and  kgm/min).  When  body  weight  was  kept  constant, 
the  coefficients  tended  to  diminish.  Upon  division  by  fat  free  body  weight 
the  reliability  coefficients  appeared  lowest. 

The  lowering  of  the  reliability  coefficients  by  keeping  body  weight 
and  fat  free  body  weight  constant  indicated  the  influence  these  factors 
have  upon  oxygen  consumption  and  work  capacity  values.  That  is,  body 
weight  tends  to  be  a  factor  or  variable  which  keeps  the  reliability  co¬ 
efficient  high.  Larger  persons  appeared  to  score  higher,  whereas,  smaller 
persons  generally  acquired  lower  scores  on  the  tests.  However,  the  reported 
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coefficients  for  this  data  indicated  that  the  administration  of  repeated 
testing  was  reliable.  A  pilot  study  indicated  that  body  densitometry 
scores  were  also  reliable. 


Corrections  for  Attenuation 

The  effects  of  errors  of  measurement  tend  to  reduce  the  size  of  the 
correlation  coefficient.  That  is,  the  correlation  between  true  scores 
will  tend  to  be  greater  than  the  correlation  between  observed  scores. 

Table  4.4  illustrates  the  correlations  between  observed  scores  and  true 
scores  for  the  Sjostrand  and  Progressive  Step  tests  for  the  males  and 
females.  The  symbol  r  ,  where r  symbolizes  the  correlation  coefficient, 
represents  the  original  correlation  between  the  initial  Sjostrand  and 
Progressive  Step  tests  (see  Tables  4.7,  4.9,  4.11  and  4.8,  4.10,  4.12 
for  males  and  females,  respectively).  The  symbol  rTxTy  represents  the  true 
correlation  between  the  two  tests  after  the  correction  for  attenuation 
has  been  made. 


Table  4.4 

Corrected  Correlations  for  Sjostrand  and  Step  Tests 


Male 

Female 

r 

r 

r 

r  m 

xy 

TxTy 

xy 

TxTy 

.64 

.74 

.72 

.92 

kpm  and  kgm/min 

.50 

.62 

.67 

.86 

kpm  and  kgm/kg/min 

.45 

.88 

.54 

.78 

kpm  and  kgm/kg  ffr/min 

In  each  of  the  above  cases,  the  correction  for  attenuation  has  been 
calculated  as  illustrated  in  Ferguson  (18).  As  an  example,  when  the 
correlation  coefficients  have  been  determined  from  scores  in  their 
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absolute  units  (kpm/min  and  kgm/min),  the  difference  between  the  observed 
and  true  correlations  for  the  males  indicates  that  the  presence  of  measure¬ 
ment  error  has  resulted  in  approximately  a  14  percent  loss  in  predictive 
capacity  between  the  two  tests. 


Example:  r  x  100 

xy 

r  2  x  100  =  .642  x  100  =  40.96% 
xy 

rTxTy  "  100  =  • 7 42  x  100  =  54.76% 

where  r  is  the  observed  correlation  from  absolute  units 
xy 

between  initial  Sjostrand  and  Step  tests  for  males 
and  rr£x,py  is  the  corrected  correlation  between  the 
initial  Sjostrand  and  Step  tests  for  the  males. 

The  difference  between  the  two  correlations  is  approximately  14  percent. 

Stated  somewhat  differently,  the  variance  interpretation  of  the 
correlation  of  the  absolute  units  or  observed  values  reveals  that  approxi¬ 
mately  41  percent  of  the  variance  of  the  Sjostrand  test  can  be  attributed 
to  variance  in  the  Step  test.  However,  after  correcting  for  attenuation 
approximately  55  percent  of  the  variance  of  the  Sjostrand  is  accountable 
by  variance  in  the  Progressive  Step  test  and  45  percent  still  attributable 
to  other  factors  or  variables  which  exist  in  a  non-predictive  capacity. 


Partial  Correlations 

Table  4.5  represents  the  correlations  of  all  the  test  variables 
with  kilograms  of  body  weight  and  with  fat  free  kilograms  of  body  weight 
for  the  males  and  females  in  this  study.  It  is  apparent  that  body  weight 
and  fat  free  body  weight  correlate  fairly  well  when  the  test  variables  are 
expressed  in  absolute  units,  and  that  the  values  decrease  when  the  correlations 
are  expressed  ppr  kilogram  body  weight  or  per  kilogram  fat  free  body  weight. 
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Correlations  Between  Body  Weight  and  Between  Fat  Free 
Body  Weight  and  All  Test  Variables 


TEST  Males 

VARIABLES  Body  Weight  Fat  Free 

Body  Wt 

Females 

Body  Weight  Fat  Fr 

Body  W 

MSC  1 

l/min 

0.65 

0.70 

0.60 

0.62 

2 

0.74 

0.76 

0.72 

0.83 

X 

0.72 

0.76 

0.69 

0.76 

MSC  1 

ral/kg/min 

■0.17 

-0.02 

0. 13 

0.25 

2 

0.08 

0.20 

0.27 

0.53 

X 

-0.04 

0. 10 

0.22 

0.41 

MSC  1 

tnl/kg  ffr 

-0.24 

-0.28 

0.04 

-0. 10 

2 

/min 

0.03 

-0.06 

0.14 

0.08 

X 

-0.10 

-0. 18 

0.21 

0. 16 

ASTR 

l/min 

0.60 

0.69 

0.59 

0.62 

ml/kg/min 

-0.04 

0.14 

0.15 

0.27 

ml/kg  ffr 

-0.08 

-0.06 

0.13 

0.03 

/min 

step  : 

L  kgm/min 

0.63 

0.57 

0.39 

0.57 

2 

0.53 

0.48 

0.47 

0.54 

X 

0.61 

0.55 

0.52 

0.63 

STEP 

1  kgm/kg/min 

or  m/min 

0.09 

0.09 

0. 13 

0.35 

2 

0.03 

0.03 

0. 10 

0.24 

X 

0.06 

0.06 

0.10 

0.30 

STEP 

1  kgm/kg  ffr 

/min- 

-0.01 

-0.14 

-0.07 

0.52 

2 

0.03 

-0.07 

0.07 

0.52 

X 

0.04 

-0.08 

0.08 

0. 11 

SJOS 

1  kpm/min 

0.48 

0.49 

0.44 

0.59 

2 

0.  52 

0.53 

0.55 

0.67 

X 

0.51 

0.52 

0.53 

0.68 

SJOS 

1  kpm/kg/min 

0.25 

or  m/min- 

-0.03 

0.03 

0.01 

2 

-0.07 

0.00 

0.12 

0.35 

X 

-0.05 

0.02 

0.07 

0.32 

SJOS 

1  kpm/kg  ffr 

0.10 

/min 

-0.02 

0.09 

0.00 

2 

-0.36 

-0.24 

0. 13 

0.19 

X 

-0.08 

-0. 13 

0.07 

0.15 

■ 
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It  is  interesting  to  note  that  the  correlations  between  body  compo¬ 
sition  and  the  maximal  tests  show  a  greater  relationship  with  the  Mitchell, 
Spioule,  and  Chapman  Treadmill  test  than  with  the  corresponding  Astrand 
Bicycle  Ergometer  test.  Similarly,  at  the  submaximal  level,  the  corre¬ 
lations  between  body  composition  and  the  Progressive  Step  test  are  greater 
than  those  between  body  composition  and  the  modified  Sjostrand  bicycle 
ergometer  test.  Thus,  it  would  seem  that  body  composition  has  a  greater 
influence  on  work  performance  if  the  work  to  be  done  involves  the  lifting 
and  supporting  of  total  body  mass. 

Table  4.6  illustrates  the  partial  correlation  coefficients  between 
the  second  Mitchell,  Sproule,  and  Chapman  test  and  the  Astrand  test  with 
the  effects  of  body  weight  and  fat  free  body  weight  partialled  out  respectively. 
In  each  case  the  formula  as  presented  in  Ferguson  ( 18)  was  used. 

Table  4.6 


Partial  Correlations  Between  MSC2  and  Astrand  Test 


Observed  Correlation 
Between  MSC  and  ASTR 
(Absolute  Units) 

Body  Weight 
Partialled  Out 

Fat  Free 

Body  Weight 
Partialled  Out 

Males 

• 

00 

.79 

.74 

Females 

.85 

.76 

.77 

It  is  apparent  that  part  of  the  correlation  between  the  Mitchell, 
Sproule,  and  Chapman  test  and  Astrand  test  occurs  because  both  tests  are 
also  correlated  with  each  of  body  weight  and  fat  free  body  weight.  The 
above  correlations  illustrate  the  change  which  occurs  between  the  relation¬ 
ship  of  the  two  tests  when  the  effect  of  body  weight  or  fat  free  body 
weight  is  eliminated  or  removed. 
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Using  a  variance  interpretation  for  the  males  as  an  example,  it  is 

originally  noted  that  the  proportion  of  overlap  between  the  Mitchell, 

2 

Sproule,  and  Chapman  test  and  Astrand  test  is  .87  or  .7569  (see  Table 

4.7  for  the  correlation  coefficient).  The  proportion  of  overlap  with 

2 

body  weight  partialled  out  is  .79  or  .6241  (see  Table  4.6  for  partial 
correlation  coefficient).  Thus,  the  proportion  of  overlap  which  results 
between  the  two  maximal  oxygen  uptake  tests  due  to  the  effect  of  body  weight 
is  .7569  -  .6241  or  .1328.  It  is  also  appropriate  to  state  that  the 
percentage  of  total  association  present  resulting  from  the  effect  of  body 
weight  is  .  1328/.  7  569  x  100  or  approximately  17.50  percent.  The  remaining 
82.50  percent  of  the  association  between  the  two  maximal  oxygen  uptake 
tests  results  from  other  factors. 

Interrelationships  of  Maximal  Oxygen  Uptake  and  Work  Capacity 

The  main  hypothesis  of  this  study  asserted  that  no  significant 
differences  existed  between  the  correlation  coefficients  of  the  two 
maximal  oxygen  uptake  tests  and  the  correlation  coefficients  of  the 
criterion  Mitchell,  Sproule,  and  Chapman  test  with  the  various  combina¬ 
tions  of  the  submaximal  tests  and  their  means  (the  Sjostrand  and  and 
Progressive  Step  tests).  Tables  4.7  to  4.12,  inclusive,  represent  the 
matrices  for  all  test  intercorrelations  for  males  and  females.  The 
correlations  were  determined  from  absolute  units,  per  kilogram  of  total 
body  weight,  and  per  kilogram  of  fat  free  body  weight,  respectively. 

The  following  diagram,  Figure  4.1,  illustrated  the  intercorrelations 


that  were  investigated. 
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Figure  4. 1 

An  Illustration  of  the  Investigated  Intercorrelations 


G  E 


The  questions  posed  for  both  males  and  females  took  the  following 
form:  Is  the  correlation  r  ,  between  the  criterion  Mitchell,  Sproule, 

and  Chapman  (MSC)  and  the  Astrand  (ASTR)  maximal  oxygen  uptake  tests 
significantly  different  than  the  correlation  r  ,  between  the  criterion 
Mitchell,  Sproule,  and  Chapman  test  and  the  initial  Sjostrand  work  capacity 
test?  If  so,  is  the  comparison  still  significantly  different  when  r 

Z\.L» 

and  r,„  are  considered,  where  rA„  is  the  correlation  between  the  criterion 
Mitchell,  Sproule,  and  Chapman  test  and  the  mean  of  the  two  Sjostrand 
(SJOS)  tests.  The  same  considerations  were  made  regarding  the  Progressive 
S tep  tes t  (STEP) . 

The  ' t 1  values  resulting  from  the  various  correlation  comparisons 
are  summarized  in  Table  4.13.  The  significance  between  coefficients  has 
been  assessed  in  terms  of  1 t *  ratios  as  described  in  Ferguson  (18).  The 
correlations  have  been  taken  from  the  respective  matrices,  Tables  4.7  to 


4.  12. 


’ 


Correlation  Matrix  (l./min,  kpm/min3  and  kgm/rain) 


35 


PM 

W 

o 

00 

r-M 

CO 

CO 

CM 

<± 

n 

vO 

H  IX 

CO 

n 

as 

CTl 

co 

PM 

W 

i — 1 

t— H 

(7s 

VO 

r— 1 

n 

CO 

1 

H  CM 

co 

00 

r-* 

oo 

1 

CO 

• 

• 

• 

• 

• 

• 

• 

• 

1 

PM 

W 

o 

t"H 

CO 

i 

E-1  < — i 

CM 

LO 

n 

vO 

vO 

VO 

i 

CO 

• 

• 

• 

• 

• 

• 

• 

1 

CO 

o 

OS 

00 

o 

CM 

00 

1 

*“3  iX 

m 

in 

co 

vO 

as 

as 

1 

CO 

• 

• 

• 

• 

• 

• 

1 

CO 

o 

CM 

Os 

CM 

T— 1 

i 

X  CM 

vO 

m 

vQ 

vO 

CT\ 

I 

CO 

• 

• 

• 

• 

• 

i 

CO 

O 

n 

CO 

1 

U~l 

n 

n 

n 

1 

CO 

• 

• 

• 

• 

1 

n 

O 

vo 

i 

CO 

CO 

00 

00 

| 

< 

• 

• 

• 

1 

cj 

vO 

00 

, 

co  IX 

CTi 

as 

1 

g 

• 

* 

1 

o 

00 

1 

CO  CM 

00 

1 

g 

• 

1 

• 

o 

1 

CO  H 

1 

g 

1 

1 — 1 

CM 

iX 

i — 1 

CM 

r~H 

CM 

iX 

X 

CO 

CO 

CO 

PM 

PM 

o 

CJ 

CJ 

H 

o 

o 

o 

W 

W 

CO 

CO 

CO 

CO 

X 

'-J 

H 

H 

g 

g 

g 

< 

CO 

CO 

CO 

CO 

CO 

Correlation  Matrix  (l./min,  kpm/min,  and  kgm/min) 


36 


PM 

W 

HiX 

co 


PM 

W 

H  CM 
CO 


PM 

W 

H 

CO 


LPl 


mJ- 


to 

co 


on 


cn 

in 


oo 


m 


cm 

m 


co 

Mf 


00 


in 

<1" 


m 


on 


r~-~ 

r^. 


CM 


O 

co 


co 


r-^ 


m 

00 


CM 

00 


o 

00 


CM 

on 


CM 

00 


cO 

on 


CO 
0) 
t— ♦ 

cd 

£ 

CD 

Pm 


co 

O 

hiX 

co 


co 

o 

i-)  CM 
CO 


CO 

O 

•“5 

CO 


CO 

<5 


o 

coiX 

a 


o 

CO  CM 

a 


a 

CO 

a 


>n 


m 

Ml- 


m 

m 


c-. 

oo 


co 

ON 


co 

oo 


oo 

co 


o 

cO 


co 

cO 


m 

oo 


m 

ON 


CO 

cO 


m 

m 


co 

co 


o 

ON 


CO 

CO 


in 

n 


CM 

co 


co 

ON 


in 


ON 


i — 1 

CM 

iX 

rH 

CM 

r~ H 

CM 

iX 

X 

CO 

CO 

CO 

PM 

PM 

o 

a 

o 

H 

O 

o 

o 

W 

W 

CO 

CO 

CO 

co 

*-> 

*-> 

•“3 

H 

H 

a 

a 

a 

C 

CO 

CO 

CO 

co 

co 

Correlation  Matrix  (per  body  weight:  ml/kg/min, 

kpm/kg/min,  kgm/kg/min,  or  m/min) 


37 


FM 

W 

vt 

o 

vO 

N 

LO 

N 

H  IX 

r“l 

o 

o 

N 

vO 

VO 

vO 

CTv 

OV 

CO 

• 

i 

1 

X 

W 

i — 1 

CN 

00 

r—I 

1 

EH  N 

o 

o 

o 

N 

vO 

vO 

vO 

| 

CO 

• 

• 

• 

• 

• 

• 

• 

• 

l 

1 

1 

1 

P-. 

w 

o 

CO 

o 

uO 

o 

CO 

CO 

i 

H  i — I 

CN 

o 

1 — 1 

N 

LO 

LO 

m 

i 

CO 

• 

• 

• 

1 

• 

• 

• 

• 

■ 

CO 

o 

r-l 

iN 

CTV 

vO 

i 

>“)  iX 

<* 

CO 

CO 

ov 

o\ 

i 

CO 

• 

• 

• 

• 

• 

• 

i 

CO 

o 

vO 

CO 

N 

nF 

1 

•“5  CN 

CO 

to 

00 

1 

CO 

• 

• 

• 

• 

• 

1 

CO 

o 

lO 

o 

cr> 

1 

CO 

CO 

CO 

CO 

1 

CO 

• 

• 

• 

• 

1 

n 

00 

vO 

i 

CO 

vO 

| 

c 

• 

• 

• 

1 

CJ 

i 

co  iX 

CTv 

CTV 

i 

£ 

• 

• 

i 

CJ 

1 

CO  CN 

1 

£ 

• 

1 

cj 

, 

CO  i — I 

i 

£ 

i 

1 — 1 

N 

iX 

i — i 

N 

1 — 1 

N 

iX 

X 

CO 

CO 

CO 

X 

X 

CJ 

U 

o 

H 

O 

O 

O 

w 

W 

CO 

CO 

CO 

CO 

ho 

>-> 

H 

H 

£ 

£ 

£ 

<C 

CO 

CO 

CO 

CO 

CO 

Correlation  Matrix  (per  body  weight:  ml/kg/min, 

kpm/kg/min,  kgm/kg/min,  or  m/min) 


38 


CO 

<D 


CO 

e 

0) 

Pm 


Pm 

w 

CO 

LO 

o 

CO 

t — 1 

CO 

00 

cO 

r>- 

h  i  x: 

cvj 

CO 

CO 

OC 

Oc 

CO 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Pm 

W 

1 — 1 

o 

o 

o 

cc 

kO 

cO 

1 

E-t  cm 

CM 

CO 

CO 

CO 

cO 

00 

1 

CO 

• 

• 

• 

• 

• 

• 

• 

• 

' 

Pm 

W 

r- 

00 

LO 

o 

1 

H  i — i 

CM 

co 

CO 

co 

r-- 

1 

CO 

• 

• 

• 

• 

• 

• 

• 

1 

CO 

o 

o 

CM 

00 

<N 

CM 

i 

>-}  iX 

CO 

ICO 

CO 

CTv 

OC 

i 

CO 

• 

• 

• 

• 

• 

• 

i 

CO 

o 

o 

ON 

I — 1 

00 

o 

1 

>->  CM 

CM 

CO 

CO 

CO 

I"* 

1 

CO 

• 

• 

• 

• 

• 

1 

CO 

o 

00 

CO 

CM 

o 

1 

>-3  H 

CO 

U0 

CO 

LO 

1 

CO 

• 

• 

• 

• 

1 

n 

o 

kO 

1 

CO 

00 

00 

1 

• 

• 

• 

1 

o 

i — i 

, 

' 

co  iX 

ON 

cn 

1 

£ 

• 

• 

1 

o 

r— 1 

1 

CO  CM 

1 

a 

• 

1 

o 

, 

CO  i — I 

i 

s 

I — I 

(N 

IX 

i — 1 

Cel 

i — i 

CM 

1  X 

Pi 

CO 

CO 

CO 

PM 

Pm 

o 

O 

o 

H 

o 

O 

O 

w 

W 

CO 

CO 

CO 

CO 

*~3 

CO 

*0 

H 

H 

£ 

a 

a 

C 

CO 

CO 

CO 

CO 

CO 

- 


39 


vt 

0) 


d 

g 

5-i  ^ 
4-i  d 
4-1  *H 

g 

b0\ 
^  d 
\  4-1 

r— I  4-| 

g 

00 
••  -X 

■u  \ 
-d  g 
00  00 
•H  -X 
0) 

£  t3 
d 
d 


X 

t3 

O 

di 


oj  g 
cu  \ 

d  d 
4-1  4-1 


-d 

4-1 

03 

4J 

H 

03  00 
4-i  -X 

d  "s 

oj  O-i 
Pd  ,X 

X 

d 

■U 

03 

X 

d 

o 


4-1 

03 

r-4 

<u 

d 

d 

O 

O 


Pd 

W 

CM 

m 

CO 

NO 

o 

o 

NO 

E-UX 

I - 1 

o 

o 

CM 

NO 

CM 

NO 

NO 

ON 

CO 

• 

1 

1 

• 

Pd 

W 

NO 

CO 

o 

NO 

T - 1 

ON 

NO 

1 

H  CM 

O 

o 

o 

CM 

m 

CO 

NO 

<± 

1 

CO 

• 

1 

1 

Pd 

W 

CO 

CM 

o 

CM 

m 

ON 

00 

i 

fH  i — i 

o 

O 

o 

H 

vfr 

o 

CO 

i 

CO 

.* 

i 

CO 

o 

on 

CO 

ON 

NO 

NO 

1 — 1 

1 

>d*X 

CO 

CO 

00 

vf 

1 

CO 

• 

• 

• 

• 

• 

• 

1. 

CO 

O 

m 

r^* 

ON 

i 

cm 

m 

i — i 

CO 

CO 

m 

i 

CO 

• 

• 

• 

• 

• 

1 

CO 

o 

m 

CM 

NO 

CM 

I 

•“3  H 

r~l 

1 - 1 

I — i 

CO 

1 

CO 

• 

• 

• 

• 

i 

n 

CO 

CM 

CM 

1 

CO 

no 

r~^ 

1 

< 

• 

• 

• 

1 

o 

CO 

•d- 

i 

co  iX 

cr\ 

O'. 

i 

S 

• 

• 

i 

CJ 

m 

1 

CO  CM 

1 

a 

• 

1 

a 

i 

CO  i-d 

i 

i 

t—H 

CM 

IX 

rH 

CM 

H 

CM 

i  X 

X 

CO 

CO 

CO 

Cd 

Pd 

u 

O 

o 

H 

O 

o 

o 

w 

W 

CO 

CO 

CO 

CO 

•“) 

l_3 

H 

H 

X 

X 

X 

CO 

CO 

CO 

CO 

CO 

40 


CM 

tH 

• 

Ml" 

a) 

i — ! 

r-Q 

03 

H 


a 

w 

CO 

40 

CO 

Ml" 

CO 

cO 

Ml" 

cO 

LO 

H  iX 

\ — 1 

1 — 1 

CM 

CM 

cO 

cO 

r^* 

CO 

GT\ 

CO 

• 

d 

a 

•H 

w 

00 

OV 

rH 

LO 

Mt 

CO 

CM 

1 

s 

£-i  cm 

rH 

tH 

CM 

CM 

cO 

cO 

r- 

1 

CO 

• 

• 

• 

• 

• 

• 

• 

• 

1 

d  s-\ 

4-1  d 

4-1  "r-l 

s 

a 

bO\ 

w 

<J\ 

Ml" 

o 

\ — i 

CM 

uO 

1 

^  d 

Eh  t — i 

o 

o 

o 

\ — 1 

m 

cO 

cO 

1 

\  4-1 

CO 

• 

• 

0 

• 

• 

• 

• 

1 

r-l  I4-| 

1 

B 

bO 

••  -X 

CO 

■u  \ 

o 

CO 

40 

cO 

o 

o 

1 

-c  b 

►d  i  X 

o 

t“H 

CM 

CO 

CTv 

G"\ 

1 

to  to 

CO 

• 

• 

• 

• 

• 

• 

1 

•H  ,X 

a) 

5  "d 

d 

CO 

>.  d 

o 

cO 

CM 

40 

cO 

1 

"d 

ld  CM 

o 

o 

1 — 1 

CM 

VO 

1 

O  r 

CO 

• 

• 

• 

• 

• 

1 

d 

1 

1 

•H 

0)  £ 

a>  \ 

CO 

d  d 

o 

o 

00 

<1* 

Ml" 

1 

4-1  4-1 

>d  r-l 

CM 

CM 

CO 

CO 

1 

4-1 

CO 

CO 

• 

• 

• 

• 

I 

4J 

d 

d  bO 

tH 

44  -X 

d 

\ 

B 

px 

d  £ 

0) 

H 

CM 

r>* 

CM 

1 

a)  a, 

pH 

CO 

cO 

Mi" 

00 

1 

a,  -X 

< 

• 

• 

• 

1 

X 

♦H 

CJ 

cO 

rH 

1 

d 

CO  IX 

cO 

1 

4J 

g 

• 

• 

1 

CO 

g 

d 

C_5 

CM 

1 

o 

CO  CM 

r*- 

1 

•H 

g 

• 

1 

■U 

d 

i — 1 

0) 

CJ 

1 

d 

CO  rM 

1 

d 

g 

1 

O 

O 

rH 

CM 

IX 

tH 

CM 

tH 1 

CM 

iX 

fX 

CO 

CO 

CO 

PM 

PM 

a 

cj 

o 

H 

o 

o 

o 

w 

w 

CO 

CO 

CO 

CO 

Id 

*d 

*-? 

H 

Em 

g 

g 

g 

c 

CO 

CO 

CO 

CO 

CO 

41 


44 

44 

p 

p 

P 

p 

o 

ns 

o 

ns 

p 

•H 

•r4 

Pm 

<44 

CM 

CD 

* 

_v 

<> 

•>4 

■H 

S4 

0) 

d 

d 

a) 

d 

b0 

bfl 

CM 

Pm 

r* 

A/ 

r» 

A* 

> 

> 

r* 

•i4 

•H 

co 

co 

CJ> 

<44 

<44 

<3 

44 

O 

O 

d 

13 

v _ / 

co 

p 

p 

P 

p 

i — 1 

t — 1 

CL) 

p 

as 

CD 

1 — t 

d 

P 

v> 

> 

> 

_V 

7r* 

V 

r* 

> 

> 

H 

nl 

0) 

O 

0) 

CD 

CO 

6 

CM 

PQ 

v> 

4V 

> 

r* 

o 

i — 1 

T - 1 

d 

<3 

a) 

o 

Pm 

<P 

1 - 1 

•iH 

n3 

o 

O 

44 

d 

CD 

• 

• 

ns 

nS 

44 

o 

o 

r— H 

d 

P 

P 

p 

p 

a> 

CO 

P 

r— 1 

co 

co 

co 

S-i 

a 

< 

o 

44 

S/ 

> 

> 

> 

7* 

0) 

<D 

u 

o 

CO 

•r*i 

44 

44 

o 

CO 

CM 

p 

d 

r> 

> 

o 

V 

f» 

J/ 

7* 

ns 

nS 

o 

•rH 

<3 

<3 

P 

o 

o 

5-i 

P3 

•H 

•r-i 

d 

ns 

O 

P 

p 

o 

a. 

d 

d 

<-H 

6 

r> 

*r4 

•r-i 

CO 

o 

W 

44 

44 

P 

p 

P 

r— 1 

co 

o 

p 

ns 

P 

_v 

r* 

• 

o 

p 

Pm 

V 

Sa 

7* 

<± 

•r-i 

4-) 

o 

CD 

> 

> 

CO 

> 

r» 

4-1 

d 

Pi 

44 

CD 

p 

a) 

"0 

a) 

nS 

QJ 

CM 

a) 

d 

d 

a 

r— 1 

Pi 

•pi 

CO 

CM 

Pm 

7r* 

7* 

CD 

cO 

p 

o 

P 

nS 

— 

■H 

r\ 

£ 

H 

44 

m 

P 

— 

<4-4 

P 

44 

<D 

w 

co 

P 

o 

3 

Q) 

P 

p 

o 

u 

o 

I — 1 

P 

CO 

CO 

H 

ctf 

d 

P 

p 

> 

p 

> 

M 

3E3 

0) 

o 

}-( 

nj 

i 

S 

Cm 

pq 

> 

> 

.3* 

r* 

P 

6 

o 

t-4 

CD 

CO 

P3 

44 

W 

d 

p 

P 

p 

H 

T— H 

co 

CO 

M 

o 

44 

> 

p 

.V 

r* 

P3 

co 

•r-i 

> 

> 

o 

P 

d 

> 

A» 

> 

<3 

P 

1 — I 

r— 1 

Ip 

IP 

CO 

Pm 

CO 

CM 

O 

w 

o 

W 

P 

H 

p 

H 

CO 

CO 

CO 

co 

«3 

<-8 

1 — 1 

i — 1 

r— ! 

s — 1 

a 

a 

o 

o 

CO 

CO 

CO 

CO 

£ 

S 

a 

S 

a) 

o 

d 


a) 

a 

d 


42 


As  an  example,  the  initial  1 *L 1  symbols  as  shown  in  Table  4.13 
indicate  that  the  difference  between  the  correlation  coefficients  .80, 
for  the  MSC  1  and  ASTR,  and  .54  for  the  MSC  1  and  SJOS  1,  for  the  males 
is  significant  at  the  0.05  level  of  significance  and  that  the  latter 
correlation,  between  the  maximal  and  submaximal  test,  is  'lower'  than  the 
correlation  between  the  two  maximal  oxygen  uptake  tests.  These  correlations 
have  been  determined  from  scores  in  absolute  units.  The  above  table  also 
reports  the  results  per  kilogram  of  total  body  weight  and  per  kilogram 
of  fat  free  body  weight.  The  symbols  '**'  indicate  significance  at  the 
0.01  level  of  significance. 

All  values  of  ' t '  for  the  females  appeared  significant  at  the  0.01 
level  of  significance  except  for  two  cases  when  the  coefficients  were 
determined  from  scores  expressed  per  fat  free  body  weight.  However,  for 
both  comparisons,  which  involved  the  MSC  1  and  SJOS  1,  and  the  MSC  1  and 
STEP  X  correlation  coefficients  against  the  correlation  between  the  two 
maximal  tests,  the  values  of  ' t '  showed  significant  differences  at  the  0,05 
level  of  significance.  Thus,  for  the  females  tested,  neither  the  modified 
Sjostrand  nor  the  Progressive  Step  tests  appeared  as  valid  predictors 
or  indicators  of  physical  fitness  as  did  the  modified  Astrand  test,  when 
the  Mitchell,  Sproule,  and  Chapman  Treadmill  test  was  considered  the 
cr iter ion. measure  of  fitness. 

For  the  males  all  the  values  of  ' t '  were  significantly  different 
at  the  0.05  level  of  significance  when  the  correlations  were  calculated 
from  absolute  units,  except  in  the  case  where  the  mean  of  the  two  Sjostrand 
tests  and  the  criterion  test  were  correlated  and  compared  to  the  two 
maximal  oxygen  uptake  tests.  This  value  of  ' t ' ,  1.878  (see  Appendix  B) , 
was  slightly  lower  than  the  critical  value  ' t '  of  2.080.  However,  it  was 
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noted  that  none  of  the  t '  values  for  this  comparison  were  significant 
at  the  0.05  level  of  significance,  regardless  whether  the  correlation 
was  determined  from  scores  in  absolute  units,  per  body  weight,  or  per 
fat  free  body  weight.  As  with  the  females,  when  the  correlation  between 
the  MSC  1  and  STEP  test  was  compared  to  the  correlation  between  the  MSC 
1  and  ASTR  test,  the  difference  was  significant  at  the  0.01  level  of 
s ignif icance. 

Where  the  probability  is  less  than  0.01  in  all  but  one  case,  the 
significance  of  the  comparisons,  between  the  MSC  1  and  STEP  correlations 
and  MSC  1  and  ASTR  correlations,  were  essentially  the  same  for  both  males 
and  females.  The  results  were  not  as  conclusive  when  considering  the  com¬ 
parisons  of  the  MSC  1  and  SJOS  correlations  with  the  respective  MSC  1 
and  ASTR  correlations  for  the  males.  It  is  interesting  to  note  the 
consistency  of  non-significance  demonstrated  when  the  mean  of  the  Sjostrand 
tests  is  considered  in  the  above  comparison.  Therefore,  excluding  the 
possibility  that  repetition  of  the  Sjostrand  test  may  be  a  valid  predictor 
of  fitness  for  the  males,  the  results  demonstrated  in  the  remainder  of  the 
cases,  that  the  submaximal  tests  used  were  not  as  valid  predictors  of 
physical  fitness  for  either  sex  as  was  another  maximal  oxygen  uptake  test, 
the  Astrand  Bicycle  Ergometer  test,  when  the  Mitchell,  Sproule,  and 
Chapman  Treadmill  test  was  used  as  the  criterion  measure  of  fitness. 
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CHAPTER  V 


SUMMARY  AND  CONCLUSIONS 

Summary 

It  was  the  purpose  of  this  study  to  investigate  the  interrelationships 
between  maximal  oxygen  uptake  values  and  work  capacity  values.  The  main 
hypothesis  asserted  that  no  significant  differences  existed  between  the 
correlation  of  two  maximal  tests  and  the  correlation  of  a  criterion  maximal 
oxygen  uptake  test  with  a  submaximal  work  capacity  test.  On  the  basis 
that  this  main  hypothesis  was  not  accepted,  the  subsidiary  problem  investi¬ 
gated  the  interrelationship  when  the  mean  of  two  submaximal  trials  was 
correlated  with  the  criterion.  The  criterion  measure  of  physical  fitness 
in  this  study  was  the  Mitchell,  Sproule,  and  Chapman  Treadmill  test. 

The  other  test  of  maximal  oxygen  uptake  was  the  modified  Astrand  Bicycle 
Ergometer  test  and  the  submaximal  tests  included  repeated  performances 
on  the  modified  Sjostrand  Bicycle  Ergometer  and  Progressive  Step  tests. 

The  subjects,  twenty-four  male  and  twenty-four  female,  were  selected 
at  random  from  the  enrollment  of  students  in  the  first-year  program  in 
the  Faculty  of  Physical  Education,  University  of  Alberta,  1967-68.  All 
subjects  were  tested  for  (a)  maximal  oxygen  uptake,  (b)  physical  work 
capacity  170,  and  (c)  body  composition  using  a  dens itome trie  method,  as 
outlined  by  Neill  (32).  Scores  were  available  in  absolute  units,  per 
kilogram  of  total  body  weight,  and  per  kilogram  of  fat  free  body  weight. 
Test-retest  reliabilities  were  determined  for  the  Mitchell,  Sproule,  and 
Chapman,  the  Sjostrand,  and  the  Progressive  Step  tests.  Each  subject 
completed  the  testing  within  a  three-week  period  with  at  least  two  days 
between  maximal  oxygen  uptake  tests. 
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The  reliability  and  validity  coefficients  were  all  determined 
employing  the  Pearson  product-moment  correlation  technique  as  described 
by  Ferguson  (18).  This  source  was  also  consulted  for  further  appropriate 
statistical  analysis  necessary  to  interpret  the  data. 

Cone lus ions 

Within  the  limitations  of  this  study,  the  following  conclusions 
were  made: 

1.  For  the  female  subjects  there  was  a  significant  difference  at  the 
0.01  level  of  significance  between  the  correlation  coefficient  of  the 
criterion  Mitchell,  Sproule,  and  Chapman  test  and  the  modified  Astrand  test, 
and  the  correlation  of  this  criterion  test  with  either  of  the  submaximal 
tests  or  their  means,  except  when  expressed  in  fat  free  body  weight  using 
the  initial  Sjostrand  trial  or  the  mean  of  the  Step  test  trials.  In 
these  latter  comparisons  these  differences  were  supported  at  the  0.05 
level  of  significance. 

20  For  the  male  subjects  there  was  a  significant  difference  at  the 
0.01  level  of  significance  between  the  correlation  coefficient  of  the  two 
maximal  oxygen  uptake  tests  and  the  correlation  of  the  criterion  maximal 
test  with  either  the  initial  Step  test  trial  or  the  mean  of  the  repeated 
tr ials . 

Using  the  correlation  of  the  initial  Sjostrand  test  with  the  criterion 
test  as  the  comparison  to  the  correlation  between  the  two  maximal  tests, 
the  results  were  significant  at  the  0.05  level  of  significance,  except 
when  expressed  per  kilogram  of  total  body  weight,  the  comparison  was  non- 
s ignif icant . 

In  all  cases,  the  comparison  between  the  correlation  coefficients 
of  the  mean  of  the  Sjostrand  trials  with  the  criterion  maximal  test  and 
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the  two  maximal  tests  revealed  a  non-significant  difference. 

General  Conclusion 

On  the  basis  of  these  findings,  it  was  apparent  that  neither  the 
modified  Sjostrand  nor  the  Progressive  Step  test  for  the  females,  nor 
the  Progressive  Step  test  for  the  males,  was  as  valid  a  predictor  of 
physical  fitness  as  w as  another  maximal  oxygen  uptake  test,  the  modified 
Astrand  Bicycle  Ergometer  test,  when  the  Mitchell,  Sproule,  and  Chapman 
Treadmill  test  was  used  as  the  criterion  measure  of  fitness.  However, 
the  evidence  appeared  less  conclusive  in  this  respect  for  the  males  when 
considering  the  modified  Sjostrand  test  as  a  valid  predictor  of  fitness. 


Re commenda t ions 

A  revision  of  the  Progressive  Step  test  procedures  could  be  investigated 
in  light  of  supplementing  its  capacity  in  measuring  physical  work  capacity 
170  in  relation  to  the  modified  Sjostrand  test. 

A  further  investigation  could  examine  the  trend  or  possibility  of 
the  Sjostrand  test  as  a  valid  predictor  of  physical  fitness  for  the  males 
or  the  difference  that  may  exist  between  the  sexes  in  this  respect,  when 
maximal  oxygen  uptake  is  chosen  as  the  criterion  measure  of  fitness. 
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Correlation  Coefficients 

The  IBM  System  360/67  APL  programme  SCORR  was  used  to 
calculate  the  correlation  coefficients  between  the  various  tests  and 
variables.  This  programme  computes  a  correlation  coefficient  matrix 
using  the  Pearson  product-moment  correlation  as  described  in 
Ferguson  (18:111). 


NIXY  -  tXLY 

r  =  — ....  -  .  -  — .  - — 

J  [NIX2  -  (XX)2]  [NSY2  -  (XY)2] 

where  r  is  the  simple  correlation  coefficient  between  X  and  Y 
X  is  the  sum  of  the  X  values 
Y  is  the  sum  of  the  Y  values 
N  is  the  number  of  observations. 


Correction  for  Attenuation 

Errors  of  measurement  tend  to  attenuate  the  correlation  coeffi¬ 
cient  between  obtained  scores  from  the  correlation  between  true  secores. 
The  following  formula  from  Ferguson  (18:382)  was  used  as  the  correction 
for  attenuation. 


XY 


where  r 


TXTY 


'XX 


'YY 


TXTY 


J  rXXrYY 

is  the  correlation  between  true  scores 
is  the  reliability  of  test  X 
is  the  reliability  of  test  Y* 


Parial  Correlations  • 

The  first  order  partial  correlation  coefficient  formula  as 
shown  in  Ferguson  (18:389)  was  used  to  interpret  a  portion  of  the  data. 

r  “  r  r  „ 

XY  XZ  YZ 


rXY.Z 


where  r  is  the  correlation  between  residuals  when  Z  has 

XY.  Z 

been  removed  from  X  and  Y 
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r  is  the  correlation  between  variables  X  and  Y 

AX 

r  is  the  correlation  between  variables  X  and  Z 

and  r  is  the  correlation  between  variables  Y  and  Z. 

X  ch 

Significance  of  the  Difference  Between  Two  Correlation  Coefficients 
for  Correlated  Samples 

The  difference  bewteen  two  correlation  coefficients  for  correla¬ 
ted  samples  was  tested  by  calculating  a  value  't1  as  described  in 
Ferguson  (18:189).  The  following  expression  follows  the  distribution 
of  t  with  N  -  3  degrees  of  freedom. 

(rXY  -  rXZ)  V  (N  -  3)  (1  +  rY?~ 

t  = - - -  - ' - - - - - 

/  2  ( 1  -  r  ^  -  r  ^  -  r  +  2r  t  r  ) 

K  XY  XZ  YZ  XY  XZ  YZ 

where  r  is  the  correlation  between  variables  X  and  Y 
XY 

r  is  the  correlation  between  variables  X  and  Z 
XZ 

r  is  the  correlation  between  variables  Y  and  Z 

X  CJ 

and  N  is  the  number  of  subjects  in  the  sample. 
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MITCHELL,  SPROULE  &  CHAPMAN  TEST 
HEART  RATE 


NAME:  _ _ _ _ _ 

DATE: _ __ 

RESTING  HEART  RATE:  _ 

TREADMILL  %  HEART  RATE 


MAXIMAL  02  CONSUMPTION: 


1 . /min. 


COMMENTS : 


ASTRAND  BICYCLE  ERGOMETER  TEST 


NAME:  _ _ _ _ _ 

DATE:  _________ 

RESTING  HEART  RATE: 


KPM 


HEART  RATE 


MAXIMAL  0  CONSUMPTION 
2 


1 . /min. 


COMMENTS: 
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GAS  ANALYSIS  COMPUTATION 

NAME:  _ 

DATE:  _ 

TEMPERATURE:  _ 

BAROMETRIC  PRESSURE:  _ 

TREADMILL  INCLINATION/BICYCLE  LOAD: 


%  o2E  -  .  _ 
%  co2E  -  - 

%  N2e  =  100  - 


x  2.5  = 

%. 

%  0 


7 

/o  • 


2E 


%  CO 


2E 


7 

/o  • 


V„ATPS  +  .932  x  -  .325  =  l./Min. 

E 

(partial  to  whole  sample  ATPS  =  _  x  _  1.  =  _ _ l./Min.) 

V  STPD  =  (factor)  x  l./Min.  =  _ l./Min. 

E  - 

V  STPD  =  STPD  x  _  %  N2e  =  _ l./Min. 

1  E  79.04 

V02  =  (  _  V].  STPD  x  .2093)  -  ( _ VE  STPD  x  .  _  0^) 

=  _ l./Min.  Oxygen  Uptake. 


. 
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SJOSTRAND  PWC  TEST 
170 


NAME:  _ 

DATE:  _ _ 

RESTING  HEART  RATE: 


TIME 

1 

2 

3 

4 

WORK  LOAD 

HR  RPM 

HR  RPM 

HR  RPM 

HR  RPM 

STEADY  STATE 

ROOM  TEMPERATURE:  _ 

BAROMETRIC  PRESSURE: 


COMMENTS 
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PROGRESSIVE  PWC^  STEP  TEST 


NAME:  _ _ 

DATE:  _ _ 

RESTING  HEART  RATE:  _ 

TIME 

STEP  HEIGHT  1234  STEADY  STATE 


ROOM  TEMPERATURE:  _ 

BAROMETRIC  PRESSURE: 
COMMENTS:  _ 


. 
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ESTIMATION  OF  BODY  COMPOSITION 


NAME: 

DATE: 


MEASUREMENTS:  POUNDS  LITERS  CUBIC 

INCHES 

Weight  in  Air  _ 

Vital  Capacity  (VC)  _  _ 

Residual  Volume  (RV)  _ __  _ 

Volume  Gastro-Intes tinal  (VGI)  _ 

Weight  in  Water  (full  inspiration)  _ 


CALCULATIONS : 


Total  Lung  Capacity  (TLC)  =  _  (VC)  +  _  (RV)  + 


TLC  cu.  in. 

TLC  cu.  in.  x  . 

0362  =  TLC  lbs. 

True  Wt.  = 

(Wt.  in  Water)  = 

(TLC  lbs.)  = 

Body  Volume  = 

(Wt.  in  Air) 

(True  Wt.)  = 

Body  Density  = 

(Wt.  in  Air) 

/  (  (Body  Vol.)  x 

• 

%  Fat  =  4.570 

-  4.142  = 

%. 

Body  Density 

Lbs .  Fat  =  (  %  Fat  )  x 

(Wt.)  =  lbs. 

Lbs.  Fat  Free  = 

(Wt.)  - 

(Lbs.  Fat)  =  lbs. 

(VGI) 


density) 


APPENDIX  B 


VALUES  OF  'tf  RATIOS  FOR 
CORRELATION  COEFFICIENT  COMPARISONS 
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Values  of  ' t '  Ratios  for 
Correlation  Coefficient  Comparisons 

Males 

Absolute  Per  Body  Per  Fat  Free 

Units  Weight  Body  Weight 


MSC 

1 

& 

SJOS 

1 

2.154 

1.882 

2.435 

MSC 

1 

& 

STEP 

1 

4.381 

5.262 

2.964 

MSC 

1 

& 

SJOS 

X 

1.878 

1.655 

1.378 

MSC 

1 

& 

STEP 

X 

4.061 

4.711 

3.390 

where  the  critical  values  of  1 t '  are: 


2.080 

for 

the 

0.05 

level 

of 

s ignif icance , 

2.831 

for 

the 

0.01 

level 

of 

significance. 

and 


• 

. 
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Values  of  ' t *  Ratios  for 
Correlation  Coefficient  Comparisons 

Females 


Absolute 

Per  Body 

Per  Fat  Free 

Units 

Weight 

Body  Weight 

MSC 

1 

& 

SJOS 

1 

3.413 

4.592 

2. 125 

MSC 

1 

6c 

STEP 

1 

5.364 

30  761 

3. 174 

MSC 

1 

6c 

SJOS 

X 

3.567 

5.270 

2.843 

MSC 

1 

6c 

STEP 

X 

3.359 

4.907 

2.227 

where  the  critical  values  of  ' t 1  are: 

2.080  for  the  0.05  level  of  significance,  and 
2.831  for  the  0o01  level  of  significance. 
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